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MINIMUM DRAG OF THE CHANCE VOUGHT XF8U-1 AIRPLANE AS
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By Earl C. Hastings, Jr. ‘t‘\ ™
a

SUMMARY

Drag data obtained from the flight of a O.ll-scale rocket-boosted
model of the Chance Vought XF8U-1 airplane are presented herein. The
Mach number range of the test was from 0.73 to 1l.Tl.

Between ach numbers of 0.73 and 0,90 the external-drag ccefficient
has a value of 0.017. The drag rise occurred at a Mach number of 0.93
and between Mach numbers of 1.05 and 1.7Ll, the external-drag coefficient
is constant at a value of 0.035. The transonic trim change was small
for this model, with the center-of-gravity location at 6.56 percent of
the mean aerodynamic chord.

INTRODUCTION

The test reported herein is the last phase of a program conducted
by the Pilotless Aircraft Research Division to determine the low-1ift
drag of the Chance Vought XP8U-1l airplane. Tests of two early versions
of this airplane are reported in reference 1 and a test of an area-rule
version, with a faired inlet, is reported in reference 2. The entire
progran was conducted at the request of the Bureau of Aeronauties,
Department of the Navy.
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The Chance Vought XF8U-1 is a jet-propelled, swept-wing day fighter,
with an all-movable horizontal tail and varisble incidence wing. The
duct inlet is an underslung scoop located near the nose and the fuselage
cross section is developed on the supersonic-area-rule principle (M = 1.2).

This paper presents the minimum-drag data obtained from the flight
test of a 0.ll-scale rocket-boosted model of this configuration up to a
Mach nurber near 1.7.

SYMBOILS
A cross-sectional area, sq ft
az/g longitudinal-accelerometer reading
an/g normal-accelerometer reading

(e}

nean aerodynaric chord, ft

Ce chord-force coefficient, positive in rearward direction,
a
A
g \Sq
- Drag
Cp drag coefficient, T
Cy normal-force coefficient, positive toward top of model,
e VA
g \5q
H total pressure, 1b/sq ft
g acceleration due to gravity, 32.2 ft/sec2
Y ratio of specific heats
1 length, ft
i Mach nurber
m/mo ratio of mass flow through duct to mass flow through a

stream tube of area equal to inlet-capture area undexr
free-streax: conditions

static pressure, 1b/sq ft

e}
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q e dynamic pressure, 1b/sq ft

R Reynolds nunmber based on mean aerodynamic chord of basic wing
T radius, ft

S model wing area (total wing without chord extensions), sq ft
v velocity of model, ft/sec

W weight of model, 1b

X station measured from nose, ft

Subscripts:

b model base

c choking-cup base

e duct exit

i duct inlet (capture)

0 free stream

tot total drag

base base drag

int internal drag

ext external drag

MODEL AND APPARATUS

Model

Figure 1 shows a three-view drawing of the model and the physical
characteristics are presented in tasble I. The equivalent body of revo-
lution and the normal-cross-sectional-area distribution are shovm in
figure 2, and a photograph of the model is presented in figure 3.

The model was similar in construction to the model described in
reference 2, with the exception of the underslung scoop inlet and inter-
nal ducting. This ducting consisted of a single duct tube extending the
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length of the model with a choking cup installed at the duct exit in
order to obtain a minimum section. A slotted total-pressure rake was
installed at this minimum section to obtain data necessary to compute
internal drag at supersonic speeds. A sketch of this installation is
included in figure 1.

Because of the limited number of telemeter chamnels available for
this test, the static pressure on the base of the choking cup was not
reasured. However, since the cup was similar in shape to the one dis-
cussed in reference 3 (on which the static base pressure of the cup was
reasured) these data were considered to be applicable to the test reported
herein.

Four static-pressure orifices were located on the base of the model
itself and manifolded together to give an average value of static pressure
over the base of the model. These orifices were spaced 90O apart and
located 0.5 inch from the edge of the base.

The model was boosted to a Mach number of 1.T1 by two 6.25-inch
ABL, Deacon rocket motors. After the rocket motors had stopped thrusting,
the model separated from the booster and the data presented herein were
obtained during this coasting phase of the flight. Figure 4t is a photo-
graph of the model-booster combination prior to launching.

Apparatus

Instrumentation of the model consisted of a telemeter system which
izeasured data during the flight and transmitted it to a ground receiving
station. The quantities measured for amnalysis were longitudinal and
aormal accelerations, base static pressure, and total pressures in free
stream and at the duct exit.

A rawinsonde released at the time of firing recorded free-stream
teriperature, static pressure, and winds aloft. The velocity of the model
and its position in space were determined by a CW Doppler radar set and
NACA rodified radar tracking unit, respectively.

ANATYSTS OF DATA

The drag and normal-force-coefficient data presented herein are
hased on the total wing area of the model without leading-edge extensions.
Since the angle of attack of the model was small, the chord-force coeffi-
cients reasured were considered to be constant with angle of attack and
numerically equal to the minimum-drag coefficient for this test.
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The Doppler radar set was also used to obtain total-drag data through
a portion of the flight test. This method consists essentially of differ-
entiating the velocity with respect to time and compubting the drag from
the acceleration thus obtained. Reference 1 discusses this method of
drag reduction in more detail.

The external-drag coefficient Cp & for the model was determined
ex

by subtracting the total-base-drag coefficient C and the internal-
ase

drag coefficient Cp, & from the faired curve of total-drag coefficient.
in

The total base drag of the model is the sum of the base drag of the
choking cup and the base drag of the model itself. The base-pressure
coefficient of the choking cup was assumed to be the same as that
obtained and presented by reference 3, since the cups were similar in
shape. Average values of static pressure over the base of the model
(as obtained from the four manifolded static orifices) were used to
obtain the base drag of the model. Base-drag coefficients were then
cormputed by the following equation:

~(pp - P, ) (Model base areaﬂ [-’(Pc - po)(Choking-cup base areaﬂ
CDpase = as J N [ aS J

Reference U4 presents the method of data reduction used to determine
the internal drag of the model. This method consists essentially of
determining the loss in total momentum of the air flowing through the
duct between free stream and exit. The equation used for internal-drag
coefficient is as follows:

o o 2helm (A P_(_Lze;)z pe-po>
Dint S mo\Ae Po \Mo 7PMo?

Because of the limited number of channels available for this test
it was not possible to measure all of the quantities necessary at the
duct exit. However, by choking the duct at this station a Mach number
of 1.0 was assumed at the exit for free-stream Mach numbers greater
than 1.0. The slotted total-pressure rake mounted near the choking
section then supplied all the necessary conditions to satisfy the above
equation at free-stream Mach numbers greater than 1.0.

Since the inlet was not operating at maximum mass-flow rates, there
is some drag due to spillage included in the values of external drag
presented herein. However, it is believed that the drag due to spillage
was small because of the high mass-flow ratios of the test.
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ACCURACY

A comparison between the two sources of Mach number from this test
(telemeter and Doppler radar) in the range from 0.73 to 0.90 indicates
agreement within 2 percent. From 1.05 to 1.T7L the agreement between
these two sets of Mach number values was better than 1 percent.

The accuracy of the total-drag values is indicated (by a comparison
of the two sources of data) to be of the order of 0.0015 between Mach
numbers of 1.03 and 1.7l. At subsonic Mach numbers the drag values pre-
sented are believed to be correct within 0.0030. This order of agree-
ment with comparative data at subsonic speeds is indicated by the compar-
isons presented in references 2 and 5.

RESULTS AND DISCUSSION

Figure 5 presents the Reynolds number range covered by this test.
These values were based on the mean aerodynamic chord of the total wing.

Duct Performance

Shovn in figure 6 are the mass-flow ratio m/mo and. total-pressure
recovery He/Ho of the duct obtained during this test. By assuming
that the static pressure at the duct exit was equal to the static pres-
sure measured on the base of the model, it was possible to estimate val-
ues of m/mo at Mach numbers less than 1.0. These estimates are shown
by the dashed line in figure 6.

From M = 0.75 to M =0.98, m/mo has a constant value of 0.81.

The mass-flow ratio increases from a value of 0.79 at M = 1.0l to 0.95
at M= 1.7TL.

Values of duct total-pressure recovery show a constant value of 1.0
from M =0.75 to M = 1.20. This is followed by a decrease in He/Ho
to a value of 0.90 at M = 1.7l. Reference 6 presents the results of
tests conducted in the Ames 6- by 6-foot supersonic tunnel with a model
of this configuration with various nose and lip shapes. Total-pressure-
recovery data have been taken from this reference for the applicable
nose and lip shape and are presented at flight m/mo for comparison in
figure 6. These values show good agreement with the rocket-model data
at Mach numbers of 0.9, 1.3, 1.5, and 1.7.
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Trim Normal-Force Coefficient

Values of trim normal-force coefficient, CNtrim’ Tor the Mach

range from 0.75 to 1.7l are shown in figure 7. These values were
obtained with the model center of gravity located at 6.56 percent of

the wean aerodynamic chord. The transonic trim change of the model with
this center-of-gravity location was small, varying from CNtr tm = -0.102

at M= 0.90 to a value of CNt im = -0.050 at M = 0.99.
T

Total Drag

As mentioned previously in this paper, the total-drag coefficient
CDtot was determined during this flight test from telemeter values of

longitudinal acceleration and from the Doppler radar unit. Values
of cD’c t from both of these sources are plotted for a comparison in
o}

figure 8 and include internal- and base-drag coefficients. Although no
drag data were obtained from the Doppler radar below M = 1.03 the
agreement between the two sources of data from M = 1.03 to M = 1.63
is considered very good.

Internal and Base Drag

Figure 9 presents the variation of intermal-drag coefficient CDint
and the base~drag coefficient cDb with Mach nunber., The internal-
ase

drag coefficient is small, having a maximum value of 0.00L at M = 1.7Ll.
Belowv M = 1.29, the values of CDint are within the accuracy of the

measurements and are considered to be zero from M = 0.73 o M = 1.29.
Base-drag-coefficient increases with increasing Mach number from a value
of -0.0005 at M = 0.95 to 0.00k at M = 1.33. This is followed by a
decrease in base drag to a value of 0.0025 at M = 1l.Tl.

External Drag

The external-drag coefficient Cp,. (CDe wt = CDiot = CDint = CDpas e)

is ﬁresented as a function of Mach number in figure 10, As discussed
earlier in this paper, the effect of spillage drag on these values
of CDext is considered to be negligible because of the high mass-flow

ratios at which this test was conducted (fig. 6). From M = 0.73 to
M = 0.90 the external-drag coefficient is constant at 0.01l7, and the
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dac
drag rise (based on Eﬁg = O,lO> begins at M = 0.93. From M = 1.05

to M = 1L.71L the drag level is 0.035.
CONCIUSIONS

From the flight test of a 0.ll-scale rocket-boosted model of the
Chance Vought XF8U-1 airplane at Mach numbers between 0.73 and 1.7l the
following conclusions are indicated:

1. The external-drag coefficient CDe <t had a subsonic level

dc
of 0.017. The drag rise (based on WD = O,lO) occurred at a Mach num-
ber of 0.93. At supersonic Mach number the drag level was 0.035.

2. The transonic trim change was small for the model with the
center-of-gravity location at 6.56 percent of the mean aerodynamic chord.

Tangley Aeronautical ILaboratory,
National Advisory Committee for Aeronautics,
langley Field, Va., February 29, 1956.

Erl 0. MatiTorge- Jr

Earl C. Hastings, Jr.
Aeronautical Research Scientist

Approved.: d . M

4/ Joseph A. Shortal
Chief 4f Pflotless Aircraft Research Division
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PHYSTCAL CHARACTERISTICS OF 0.l1-SCALE MODEL

1]
00

'Y "Iing:
M Total area (excluding chord extensions), S £5 o o « o o o o « & o « 4,53
Total area (including chord extensions), sg ££ « ¢ « ¢« « ¢ ¢ o + « & k.66
ASPECE TAEI0 o « o o o = s o o 6 o 6 s o o 8 6 6 s o & s o 5 & o s e 3.0
Mean serodynamic chord (excluding chord extensions), f£ . « . + « & 1.29
Incidence angle, deg . « « ¢ ¢« « o o o o o © 0 6 o« s o s a s s » o o -1
Dihedral angle, AeZ « « o o o = o o o o o o o o o o o o o s o o o o -5
Sweepback (quarter-chord 1ine), @eZ o+ o « o o o o s « s o o o o o o ho

Airfoil section at root, parallel to free-stream direction . . . NACA 654006
Airfoil section at tip, parallel to free-stream direction . . . NACA 654005
Taper ratl0 =« o « o o o o o o o « o s o o o s o o5 o o o o o = s o o 0.25
Bpan, £ ¢« ¢ ¢« ¢ ¢ 6 o e s e 4 e 6 o o s 8 6 6 o e s o s s 0 e o s o 3.92

Horizontal Tail:
Total area, SQ £t o -« o o o » o « o s o s o s o5 6 = s o s 8 o « o o 1.1k

BAspect vabio « ¢ o o 5 o o e 0 o s s e 0 5 6 5 s o 5 s s e e 6 a0 s e 3.5
Mean aerodynamic chord, £ « « ¢« o o o o« o o o o o 5 o o o o s o o 0.TL
Incidence angle, deE o o o o o o o s o 6 o o o s o o a o o o s o o o

Dihedral angle, AEZ « o o o o o o o o o o o o o o o 8 o s o & o o s 5.4
Sweepback (quarter-chord 1ine), deg .+ o o o o o o s « o o o o o o o 45

Airfoil section at Yoot « ¢ ¢« ¢« o 5 6 o 6 o o 6 o o o o o & o o NACA 654006
Airfoil section @b tiP o » o « o « o o o « o o o o o o o o « o o NACA 654004
Taper TatiO o o« o o o o « o o o o o o o o s 6 s o o s o & 6 o o o s 0.15
SPAD, FE + o o « o o o o o o b e e e e e e e e et e e 1.9

Vertical Tail (extended to horizomtal-tail center line and not
including dorsal fin):
Area, S It o ¢ « o o o 4 ¢ o o o o o 6 o s 5 6 s o s e s 6 s s o e 1.32

Aspect ¥abio « ¢ ¢« o o o o o e o s s s o 6 0 6 o o s o s e o o o o e 1.50
Mean aerodynamic chord, £ « « ¢ ¢ ¢ ¢ ¢ ¢« ¢ o o o o o s o o s o o 1.05
Sweepback (quarter-chord 1ine), deg o+ « « o o o o o o« s o o o o s o 45

Airfoil section at water line 5.02 inches gbove fuselage reference

1iDE + 4 o o ¢ o o o o o s o s s o o s 4 o o o e o+ + « o« « NACA 654006
Airfoil section @b £iD o o o « s + 4+ 4 4 s s s 0 o o s o » o o NACA 65A00%
Taper YatiO o o « o o o5 o o s s o o o a o« » o a s o o s o o . o e 0.25
SPpan, L o o « + o o 6 o ¢ s o s s 5 s 6 s o o 6 4 6 6 6 s s o o o 1.h1

o o o

Duct:
Inlet capture area, sq £ .« ¢ ¢« o o o o o o o ¢« 2 o s ¢« o s o o« « o 0.051
Exit @ared, SQ £t o « o o o o « o o o s+ o s 6 ¢ o o s o o « o o o o o 0.04L
Choking-cup base area, S £6 o« + o « o o o s o o s+ o « s s » » « « o« 0.010

Weight and Balance:
Welght, 1D & ¢ o o « o o o o o s o 5 o 0 s s o a a o s s o s « o « » 158,50
Wing loading, 1b/5q 5 o o o o = o = o « o o 6 5 s s s s o 6 s o o o 35.0
Center-of-gravity location, percent € . « o o o o o o o s o o o o = 6.56
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K——Slotted Total pressure tube

Base of model:;7
Duct——\
\\\ Static pressure orifices

Choking cup —

o] -

SECTION THROUGH REAR OF DUCT

(not to scale)

52.40 1h.61 O\I
<—"”% //__ —_— 5§
—_— e
- _/i - _ b
69.70 ,[

Figure l.- Three-view drawing of model showing model design dimensions
in inches.
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Model
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%/t
(a) Equivalent body of revolution.
.016
| A -(a
0012 L ’__\<— Total Duct)(me/mo) ¥=1,2
- N
/ — P W
A1 Ny
A/Za 0008 - P \ > \}
I o~

A Tuselage (including cuct) N
ooly A Wi \\\\5\\
o { ng
\ {Vertical tall N

~ N and dorsal fin *
Horizontal tail ;é
0
e e e =] -ttt =1 4=
(Apyet) (me/my) u=1,2 —
-.00h
0 .1 2 o3 ok 5 o6 oT .8 o9 1,0 1.1
x/

(b) Normal-cross-sectional-area distribution.

Figure 2.- Equivalent body of revolution and normal-cross-sectional-area
distribution of the model.
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Figure 3.- Photograph of the model. L=9088541
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Figure 4.- Photograph of the model-booster combination prior to launching.




Reynolds number, R

16 x 10°
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Figure 5.- Reynolds number as a function of Mach number.



m/mo » He/H,

1.0
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He/ Ho__ //=<:

m/m __/ o vreference 6

— —estimated mass-Tlow

o7 .8 09 1.0 1.1 1,2 1.3 1.l 1.5 1.6 1
M

Figure 6.~ Mass-flow ratio and total-pressure recovery.

o7 .8 .9 1.0 1,1 1,2 1.3 1. 1.5 1.6 1

Figure T.- Trim normal-force coefficient (c.g. location at
6.56 percent &).
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Figure 9.~ Internal- and base-drag coefficients.
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Figure 10.- External-drag coefficilent.
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ABSTRACT

-

This paper presents the minimum drag of the Chance Vought XF8U-1
airplane as determined with a 0.ll-scale rocket-boosted model in free

flight.
and 1.7l.

“ .

Minimum-drag data are presented between Mach numbers of 0.73
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